Abstract. In the present study, purple coneflower leaves were used as explants to explore the effects of basic medium, CuSO 4 , and Diethyl aminoethyl hexanoate (DA-6) on induction of adventitious buds. The results shown that MS medium was the most suitable basic medium for inducing adventitious buds regeneration from leaf explants. When the concentration of CuSO 4 was at 0.5 mg/L, a great effect of induction of adventitious buds was obtained (90%). Meanwhile, the optimal culture condition for the proliferation of adventitious buds was MS medium containing 0.5 mg/L 6-benzylaminopurine (6-BA).
Introduction
Purple coneflower (Echiancea purpurea L.) is a kind of wild flower native to North America; and it is a traditional Indian medicine, with outstanding effects of immune enhancement and anti-infective [1] . There are various active ingredients such as hydroxyamide, polysaccharide, sesquiterpene, polyacetylene, caffeic acid derivatives and flavonoids rich in purple coneflower, on account of the high medicinal value, the whole-plant of purple coneflower can be utilized for making medicine [2] . In recent years, it has become an internationally accepted immune promoter and immunomodulator [3] , and has been widely used in a variety of drugs, nutritional supplements and health care products [4] .
As the demand increasing steadily for the production of purple coneflower, the large-scale planting and breeding of purple coneflower should be urgent to be put into practice. However, due to the difficulty in collecting seeds and the low germination rate of purple coneflower, which make propagating from seeds extremely difficult. The plant tissue culture technology can be applied to obtain regenerated plants quickly, and providing a large number of high-quality seedlings for actual production.
In recent years, there were many reports on tissue culture of purple coneflower, and lots of factors and different types of explants were discussed and analyzed in order to establish a highly efficient regeneration system in purple coneflower [5] [6] [7] . However, there were some problems in the tissue culture of purple coneflower. For example, the regeneration efficiency of adventitious buds was still low, and the culture period was too long, so the demand of large-scale planting could not be met timely.
In the present study, leaves of purple coneflower were used as explants to explore the effects of basic medium, CuSO 4 and DA-6 on induction of adventitious buds. It's really wish that a highly efficient regeneration system of leaf explants in purple coneflower could be established in time. It would provide a certain technology support for the rapid propagation of purple coneflower.
Materials and Methods

Plant Sources
The purple coneflower seeds used in our study were provided by professor Yue-sheng Yang from College of Life Sciences, South China Agricultural University.
Preparation of Explants
The purple coneflower seeds were treated with 75% ethanol solution for 1 min, and then sterilized with 2% sodium hypochlorite (NaClO) for 20 min, rinsed 5 times with sterile distilled water finally. Sterile seedlings could be obtained by inoculating sterile seeds on Murashige and Skoog (MS) medium [8] for 30 days of culture. Leaves were isolated from the 30-day-old sterile seedlings, and cut them into small pieces of 0.5×0.5 size as leaf explants
Preparation of Mediums and Condition of Culture
The same conditions of culture were suitable for all experiments. The medium pH was fit to 5.8-6.0 by 1 mol/L NaOH before the mediums were autoclaved at 1.4 kg cm -2 for 20 min. All mediums were placed at 25 ± 2°C with 12-h photoperiod of 60-80 μmol m -2 s -1 intensity (cool white fluorescent tubes).
Regeneration
In order to induce regeneration of adventitious buds, leaf explants were placed on different mediums 
Multiplication
For the sake of adventitious buds multiplication, the regenerated adventitious buds were moved away along with the maternal tissue (explants) to MS medium contained different concentrations of 6-BA (0, 0.5, 1.0 and 1.5 mg/L) and NAA (0, 0.1 and 0.3 mg/L) for 30 days of culture.
Data Analysis
All of the experiments were established in an absolutely random factorial design and repeated three times. Data analysis was accomplished by using SPSS 17.0 software and the significantly different of data was notarized via Duncan's multiple comparison (p ≤ 5%). The results were shown as mean value ± standard deviation (SD).
Results
Induction of Adventitious Buds Regeneration from Leaf Explants on Different Types of Basic Mediums
From the results summarized in Table 1 , it's clear that the regeneration efficiency of adventitious buds was influenced profoundly by basic mediums. The highest regeneration rate of adventitious buds was 58.33% and the maximum quantity of average number of buds per explant was 1.86, when MS medium was adopted (Table 1) . 
Influence of CuSO4 on Regeneration of Adventitious Buds from Leaf Explants
As shown in Table 2 and Figure 1 , the regeneration effect of adventitious buds was affected by CuSO 4 concentration observably. The highest rate of shoot buds regeneration (90%) were gained, when 0.5 mg/L of CuSO 4 was used in treatment ( Table 2 and Figure 1 ). 
Influences of DA-6 on Induction of Adventitious Buds from Purple Coneflower
From the results summed up in Table 3 , DA-6 might not promote adventitious buds regeneration from leaf explants in purple coneflower. While the regeneration efficiency would be reduced with adding high concentrations (4-16 mg/L) of DA-6 in the induction mediums (Table 3) . Note: Different lowercase in the same column indicated significant difference at (P≤0.05) level.
Effects of 6-BA and NAA on the Multiplication of the Regenerated Adventitious Buds
As shown in Table 4 , the concentrations of 6-BA and NAA influenced the multiplication of the shoot-buds significantly. From the results summarized in table 4, it's explicit clear that the most suitable concentration of 6-BA was 0.5 mg/L, and the best results of shoot-buds multiplication (1.4) and the highest of adventitious buds (2.24 cm) were gained separately (Table 4) . 
Discussion
There was evidence that the influence of basic medium on the induction of adventitious buds from leaf explants in purple coneflower was significant [9] . Our results proved that MS was the best basic medium for inducing adventitious buds. CuSO 4 significantly enhanced shoot regeneration from calli of wheat and triticale [10] . In the present study, it was concluded that 0.5 mg/L CuSO 4 had a better effect on adventitious buds induction. However, when the concentration of CuSO 4 was exceeded 0.5 mg/L, the number of regenerated adventitious buds would decrease visibly. The reason might be that when the concentration of CuSO 4 was too high, the structure and function of cells might be disturbed and damaged severely, thereby inhibiting the growth of adventitious buds.
It is well known that Diethyl aminoethyl hexanoate (DA-6) is a plant growth regulator [11] , which is usually applied in agriculture production [12] , but it is rarely used in plant tissue cultures [13] . Studies shown that the regeneration and growth of the regenerated buds of purple coneflower plants could be effectively improved via using DA-6 at the concentration of 0.16 mg/L [14] . In the present study, our data suggested that the effect of adventitious buds regeneration from leaf explants in purple coneflower was inhibited obviously, which might be due to the high concentration (4-16 mg/L) adopted, and resulting in the differentiation and regeneration of cell in leaf explants hindered. Our results displayed that the optimal multiplication medium for adventitious buds was MS medium containing 0.5 mg/L 6-BA. The result was consistent with previous reports, furthermore, their data also shown that the multiplication coefficient of adventitious buds was large and the regenerated buds were robust, when the MS medium containing only 0.5 mg/L 6-BA was used for in vitro culture of purple coneflower [15] .
Summary
Our results shown that the most suitable basic medium for inducing adventitious buds regeneration from leaf explants of purple coneflower was MS medium. Higher concentrations of DA-6 had adverse effects on adventitious buds induction, and better induction effect could be obtained by adding 0.5 mg/L CuSO 4 . Furthermore, and the optimal multiplication medium was MS medium containing 0.5 mg/L 6-BA. It's hoped that the results of this study could provide a theoretical basis for continuing to carry out on the induction of adventitious buds regeneration in purple coneflower.
